Summary.-Changes of breast-cancer (BC) mortality for all women in Wales between 1911 and, and for the social-class gradient during the 1950s, were not related to changes in child-bearing. The changes in BC mortality for all women were associated with changes in consumption of fat, sugar and animal protein 1-2 decades earlier. A decline in mortality around 1935 was not obviously related to changes in fat or sugar, but dietary data were sparse. The social-class gradient of BC mortality almost disappeared during the 1950s; rates declined for the upper classes but increased for the lower. These opposite changes could have resulted from the opposite changes in diets of the upper and lower classes which occurred in the early 1940s.
mortality between countries appeared to arise predominantly from differences in diet, the contribution from the variation in child-bearing being small (Hems, 1, 978) . Considering only the main items of diet, BC mortality rates of different countries were positively correlated with fat (Lea, 1966; Carroll, 1975) animal protein (Drasar & Irving, 1973) and sugar (Hems, 1970) . From partial correlation analysis (Hems, 1978) it was not possible to say whether or not the associations with fat and animal protein were independent of one another. The association of BC mortality with sugar appeared to be independent of the other main components of diet.
In the present study several gradients of BC mortality (by time, social class, region and urban-rural area) in the United Kingdom were analysed in the hope that they might show whether BC mortality rates depended on fat or animal protein.
At first sight, the results described below were inconsistent. The best explanation seemed to be that changes of BC mortality with time depended on different factors from those which determined the geographical variation.
MATERIALS AND METHODS
Breast cancer mortality rates-.Rates for all women in England and Wales, published annually by the Registrar General, were compiled by Case & Pearson (1957) and Case et al. (1968) as mean age-specific rates for 5-year intervals from. J911-15 to 1961-65. Mean rates for the periods 1966-70 and 1971-75 were calculated from annual reports of the Registrar General (RG, 1967-74) and the Office of Population Censuses and Surveys (OPCS, 1976-77) . For changes with time, mortality was expressed as a standardized mortality ratio (SMR) relative to the BC mortality of all women in England and Wales aged 36-64 years during the 5-year period . Mortality rates at younger ages were not included because they show a different dependence on child-bearing from rates at older ages. Rates at 65 years and older were not included because certification was likely to be less satisfactory.
BC mortality rates by social class were available for single and married women for periods 1930 -32 (Census, 1938 ), 1949 -53 (RG, 1958 ), 1959 -63 (RG, 1968 -72 (OPCS, 1978 . Mortality for each class during each period was expressed as an SMR, as above. For single women, the numbers with breast cancer in Social Classes I and V were very small and conclusions were based on data for Classes II, III and IV. Social-class differences in BC mortality for single women were not analysed for the period 1930-32, because since then the proportion of single women in employment had changed considerably, as well as their social-class distributions.
BC mortality rates for women aged 45-64 years were available by region and urbanrural area for the periods 1950 -52 (RG, 1958 ), 1959 -63 (RG, 1968 -72 (RG, 1972 . Rates were available for 10 regions in 1950-52 and in 1959-63 but, because of boundary changes, only 8 regions in 1970-72 were comparable with those for previous years. BC mortality rates for Scotland in the periods 1950-52, 1959-63 and 1970-72 were calculated from the relevant annual reports for Scotland (Registrar General for Scotland, 1952 -55, 1961 -65 and 1972 .
Child-bearing.-Measures of child-bearing, which were found, in clinical studies, to be related to BC risk (see MacMahon et al., 1973) were obtained from the Registrar General's reports and census publications. Particular references will be given in the Results section.
Risks of breast cancer for women of different parity or age at marriage, relative to a value of unity for single women, were determined in a clinical study of women in Wales by Lowe & MacMahon (1970) . Mean relative risks of breast cancer for regions, urban-rural aggregate areas and social classes were computed by weighting these risk factors by the proportions of the population with each parity or age at marriage, available for women aged 45-49 years in 1951 for England and Wales (General Register Office, 1959) and for Scotland (General Registry Office, 1956 (RG, 1947) . The associations between the timetrends of BC mortality and child-bearing, expressed as zero-order correlation coefficients (Table I) , were negligible except Greaves & Hollingsworth (1966) and data after 1962 were from annual reports of the National Food Survey Committee .
Associations between BC mortality rates and the contemporary diet, and also diet 1 and 2 decades earlier were expressed as zero-order correlation coefficients (Table  I) . For fat and sugar the coefficients were highest for diet 1 decade before the BC mortality (Table I ). The span of data on the time-trend of consumption of animal protein was too small to justify calculating correlation coefficients. It can be seen from Fig. 2 that the increase in BC mortality around 1960 occurred 1-2 decades after increased consumption of all 3 components of diet. The decline in BC mortality during the 1930s (Fig. 2) was too early to be a result of decreased consumption of fat and sugar with the onset of rationing in 1940.
Estimates of consumption of animal protein before 1935 were not available. Single women: BC mortality (SMR) for single women showed the same change with time as for married women, especially the steep rise between 1961 and 1971 (Fig. 2) , supporting the view that the cause was other than a change in child-bearing. Data on the diet of single women were not available, but whilst their mean diet may differ from that for married women it was likely that dietary trends would be similar for both groups.
Social-class gradient of BC mortality.-As will be shown below, the marked decline in the social-class gradient of BC mortality during the 1950s did not appear to arise from changes in child-bearing. The decline could be a result of changes in diet, as (Innes, 1938 (Fig. 3) . The marked change occurred during the l 950s, when the social-class gradient virtually disappeared (Fig. 3) . The gradient, expressed as the ratio of SMRs for the extreme classes (I :V) declined from 1P6 in 1951 to 191 in 1961. For Classes II and IV the ratio (IJ:IV) declined from 1*3 to 11.
Child-bearing: The only available data on time trends of child-bearing by social class were births per woman in professional and labouring occupational classes (Glass & Grebenik, 1954) (Fig. 4) ( Fig. 3) . This further supported the view that the change in the social-class gradient of BC mortality arose from factors other than child-bearing. The extreme classes I and V did not show the same change with time for single women (Fig. 5) as for married women (Fig. 3) Office, 1958). The correlation of these computed risks with observed mortality rates for women aged 45-64 years in 1961 was significant at only the 10% level (Table II) . The regression of computed risk on observed mortality was only 0-2 when both variables were expressed as proportions of the respective means for the whole population. This suggested a contribution to the regional variation of BC mortality in addition to that from child-bearing. Diet: The regional variation (9 regions) of BC mortality rates at 45-64 years in 1970-72 was not closely correlated with diet a decade earlier (in 1960-62, Table II ). This suggested that diet did not contribute to the regional variation of BC mortality, but the conclusion needed to be qualified for two reasons.
First, the variation of diet between regions was small and very much less than between countries. Considering fat consumption as an example the range for the 28 countries (see Hems, 1978) shown in Fig. 6 was 120 g/day but only 12 g/day between regions (Fig. 6) . The sample of 28 countries gave a correlation between BC mortality and fat of 0 75, but for a sample of 11 countries with a standard deviation of fat consumption equal to that for the 11 regions (3 9 g/day) the expected correla- Second, when regional gradients of BC mortality at different times were compared (Fig. 7 ) the gradient in 1961 was 0-72 lower (P-0.1), and in 1971 1-15 higher (P > 0.5) than in 1951. The lower gradient for 1961 occurred 1 to 2 decades after a period of food rationing, when the regional variation of diet would have been reduced. These changes in the gradients are what would be expected if diet contributed to the regional variation of BC.
Urban-rural areas: The data described above as means for regions were also available in recombined form as means for 6 aggregate areas, rural, semi-rural, small urban, large urban, provincial conurbations and the London conurbation. As would be expected, analysis of data for these aggregate areas gave similar results to the data for regions. (Enstrom, 1975) in contrast to the variation between countries. It is interesting to speculate that this also may be an example of the relative importance of causes of a disease being different within a country as compared with between countries.
An objection to the above explanation is that errors between regions would be very much smaller than between countries because of greater homogeneity within a country of diagnosis, treatment and certification. A second explanation, supported by changes in the regional gradients of BC mortality, was that both diet and childbearing contributed to the regional variation. If this were so, data for regions would need to be analysed in some way which allowed for the joint contributions of diet and child-bearing. Unfortunately the number of regions was too small to justify calculating partial correlation coefficients.
For urban-rural aggregate areas, animal protein was the only component of diet correlated with BC mortality. The idea that variation in consumption of animal protein could, alone, explain the geographical variation of BC mortality was not supported by data for Denmark. Breastcancer rates were lower in rural areas (Clemmesen, 1965 (Clemmesen, , 1969 but consumption of animal protein, as well as of other components of diet, was higher in rural areas (Tekniske, 1965-) . Urban-rural differences in child-bearing were much greater in Denmark (Matthiessen, 1970) than in the United Kingdom, and could have masked any effect of the higher consumption of animal protein in rural areas of Denmark.
Changes of BC mortality rates with time, for all women as well as by social class, were not related to changes in child-bearing. The increase in BC mortality, which began around 1961, occurred 1-2 decades after the increase in consumption of fat, animal protein and sugar in the 1940s. Data on changes in consumption of fat and sugar before 1935 were too sparse to decide whether they could have produced the decline in BC mortality in 1935. Data on consumption of animal protein before 1935 were not available. The view that the decline in the social-class gradient of BC mortality during the 1950s arose from the opposite changes of diet of the upper and lower classes around 1940, because of changed conditions of the war, would be consistent with a latent period of 1-2 decades.
The association of BC risk with marital status and child-bearing has long been recognized. No attention has been paid to the fact that family size itself affects diet. Greaves & Hollingsworth (1966) concluded that ". . . the size of a family has a greater effect on its diet than income, occupation, locality or any other influencing factor". Consumptions of fat and sugar, expressed as per capita amounts, decreased with larger family size (Baines et al., 1963) . Total protein, expressed as a proportion of allowances, and the proportion of protein from animal sources, decreased with family size (Baines et al., 1963) so that the adequacy of animal protein would have decreased also. These differences of diet with family size persisted from age (housewife) 20 years until at least 49 years, the oldest age which had been compared (National Food Survey Committee, 1961) .
Diets of single women could differ significantly from diets for married women, because even though their earnings have tended to be lower than for men their expenses are low. Data comparing diets by marital status are not available, but in a study of nunneries in The Netherlands the proportion of calories from fat, and also the proportion of protein from animal sources, were above the recommended level (Klaarbergen & Kosten-Zoethout, 1965) . The statistical association between breast-cancer risk and child bearing could arise, at least in part, from diet rather than a physiological effect of pregnancy.
